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#+%=��(A��)&*.��%'����C5C1�17-�1%'��(A�50T('�����������! ����5�O��%=���Z�5,8)+M�,8)��=�1C5('�10T,8)R(A�l('Q+� a �!J���(A%=��)�W

XZY\[+]4^��B`ba Q+� a �5J���(A%=��)G,8*H��78*=�l�p*LES)+C/Q+%'��(A%'��)|oUQ&,8C/Q|��C5C1�17-�1%'��(A�5*c#+%'��(A��)+*�(A�q�����q���! 
��)+0k�~C5C1V+#+,-�1*p('Q+��*'�����6(AV+)&)+�17H��*K('Q+�|�2��,-)��U,8)+M&W a Q+� a �!J��@(A%'��)�V+*'�5*l78,��SV&,80kQ&�178,-V+�
C1�S��7-�10�NZ*'V+#��1%=C1��)+0&V+C5(',8)+M|0+,-#Z��7-�K����M�)&�5(A*.(A��C5��)R(/��,-)u(AQ+�l#&%'��('��)s�Z�1���TW a Q+� a �!J���(A%=��)
��C5C1�17-�1%'��(A�5*�#+%=��(A��)&*�('�{��I<)<��7��1)&�1%'M�E|�����������x�5 qWc *',-��#&78,-I+�10GJS,8�5o����m('Q+� a �5J���('%'��)�N
(AQ&�p����,8)��U,8)+M+N&��)+0|(AQ+�r3m, �~�10 a ��%'M��!(.��������7-,8)+�5*c,8*�*=Q+�\oU)2,8)T3m,-M�V+%=���~W �~W
a Q+�K#+%'�SC1�5*'*�������C5C1�17-�1%'��(A,-)+M�#+%'��('��)+*U(/��g��1*����Z��V&(��R�6*=�1C5��)+0+*5N����h('�1%�oUQ+,8C/QT(AQ+�K�Z�1���P,-*
*'7-�\oU7-E����S(A%A��C5(A�50T�O%=��� ('Q+� a �5J���(A%=��)|(A�q(AQ+�nI~�&�50T(A��%'M��5(U�������678,-)+�1*5N&,8)|�q#+%=�~C5�1*=*UoUQ&,8C/Q
(/��g��1*q%=��V+M�Q&7-E����u*'�5C1��)+0&*1W a Q&�G�!�S(A%'��C5('�10 #+%'��('��)+*q��%'�G0+,-%'�1C!(A�50�(A�u(AQ&���=*=oU,�(AC/QRER��%=0��
oUQ+�5%'�n(AQ&��������� ,8*�*'#+7-,-(H��)+0G*'�5)R(c(A�p('Q+%'�5�n�����=��%c��%'����*H0+�5*',8M�)<��(A�50|��*��'�$%=��(A��)yN����=>.�1VSd
(A%=,8)+�&N��p��)+0 �A�T�1*'��)�W�� a Q+�.�Z�1����*�,8)�����C/QG����(AQ+�5*'�x��%'����*H��%=��*=#+78,�(H��MR��,8)6,8)R('�p����)RE�7-�1*=*
,8)R('�1)+*=�r��������7-,8)+�5*1N+��*�*'Q+�\oU)2,-)|3m,8M�V+%'���SW��~W a Q&�!
��"�&��#�3%$rf'&(�)
}�~#��1%=,8�6�1)R(U,8*�7-�~C1��(A�50
��(�('Q+���1)+0T���m('Q+�r�$%'��('��)|�!�~#Z�5%',-���5) (A��7���%=���&W



���

and
Main Ring

Deuterium

Target
Production

for FOCUS
Tevatron

Fixed T
arget B

eam
lines

Switchyard

3m,8M�V+%'�p�~W � ���~C/Q+�5�{�@(A,8Cr0+,8��M�%A���P���}('Q+�l��%=%A��)&M��1�6�1)R(n���}(AQ+�l�2��,-)��U,8)+M&N4('Q+�
a �!J���(A%=��)�N4��)+0|(AQ&�!� oU,-(AC/QRE���%'0�W

����� ���	� 
 ��	���	����� ���	������� ������� ����	�

a Q+�6M��R��7m���H���&(/��,-)+,8)&M|�|C578�1��):Q&,8M�Qz�1)&�1%'M�Es#+Q+��('��) �Z�1��� ,8*���C1C1����#+7-,8*=Q+�10 ��*x�O��7-78�\oU*1W
a Q+�T#+%'��(A��) ,8*q0+,-%'�5C5(A�50 ��)R('�k�s78,�� V+,80 0+�5V&(A�5%',8V&�b(/��%=M��5(�oUQ+�5%'��� ����)RE�#<��%=(A,-C17-�1*���%=�
#+%=�~0+V&C1�10{� E6Q<��0+%'��)&,8CU,8)R(A�5%A��C!(A,-��)+*1W �n�1V&('�1%',-V+� ,-*�V+*=�10����1C1��V+*=��,-(����@�~,8�6,8t5�1*}(AQ&�.%'��(A,-�
����(AQ&�xQ<��0+%=��)+,8Cx,-)R(A�1%'��C5(',8��){78�1)&M�(AQ�('��('Q+�x%A��0+,���(',8��)�78�5)+M�(AQGoUQ+,-C/Q|*'C���78�1*U��*"!$#%'&1W a Q+�
��� �=�5C5(',-J��K,8*U(AQ+�r#+%=�~0+V&C5(A,-��)T���$)+�5V&(A%'��7�#+,8��)&*�oUQ+,-C/Qu,8�6�6�10+,8��(A�57-E�0+�1C1�\Ek9)(�� ���Sw+*-,n*�F
,8)R('���q#<��,8%���� #+Q+��('��)+*5W
fHQ<��%=M��10T#<��%L(A,-C178�5*U��%'�x%=�1�6�\J��10T�O%'��� (AQ+��������� oU,-(AQ|*LoH�5�1#+,-)+M{����M�)+�!(A*5W$c(�('Q+,8*�#���,-) (
(AQ&�r#&Q+��(A��)�������� ,8*�*=(',87-7yC1��) (A���6,8)<��('�10GoU,-('Q|��(AQ+�5%U)+�1V&('%A��7B#+��%=(',8C17-�1*�*=V+C/Qu��*U)+�5V&(A%=��)+*5N
.0/132 *���)&0�4 / 2 *1W a Q+�q#+Q+��('��)+*���)&0 ��(AQ+�5%n)+�1V~(A%A��7}#<��%L(A,8C578�5*n,8�6#+,8)&M��K��)z�|7-����0��O��,87c9O(AQ&�
�=C5��)RJ��1%L(A�5% � FcoUQ+�1%=�r('Q+�658795�w2�178�5C5('%'��)~dj#Z��*',-('%'��)G#+��,8%=*U��%'�xC5%'���@(A�10yW
a Q+��C1��)RJ��1%=('�1%c,-* �K���;: ���B��%A��0+,���(',8��)q7-�1)+M�(AQ�W a Q&��('Q+,8C/g )+�5*'*c,-*�C/Q&��*'�5)�*'��(AQ<�@(�#&Q+��(A��)+*
C1��) J��1%L(r('�<5 7 5 w #<��,-%'*5N��+V&(x,�(x,8*.V+)+7-,8g��57-ET(AQ<�@(n(AQ+�qC5��)R(/���6,8)+��)R(A*q9O)+�1V~(A%'��)+*1N . /1=2 *���)+0
4 / 2 *AF�oU,8787�,8)R('�1%A��C5(UQ<��0&%'��)+,-C���7-7-E�W a Q+�>58?z��%=�n(AQ+�5)TC5��787-�1C!(A�10G�REG������� (A%'��)+*=#Z��%L(A*HoUQ&,8C/Q
��%=��C5���6#Z��*=�10����B��)���%=%A��E�����0&,8#���78�U��)&0 � V<��0&%'V+#���78������M�)+�!(A*1W a Q+��5 ? ��%=�.���1)R(H��%'��V&)+0
���=)+�5V&(A%'��7<0+V+�6#��+W a �r��C/Q+,-�5J�����)�,-) ('�1)+*=�U�Z�1��� ���ZQ+,8M�Qq�1)+�5%'M�Eq#&Q+��(A��)+*1N ,-(�,-*$)+�1C5�1*=*A��%LE
(A��C1��7878�5C5(?�17-�1C!(A%'��)+*m��)+0p#���*',�(A%=��)+*�#<��*=*',8)&Mn��%=��V+)+0r(AQ+��0+V+�6#K�\J��1%}��7���%=M��$%A��)+M������<��)&M�78�5*
��)+02�����6�1)R(A�&W a Q&�l��#&(',8C1*.���$(AQ&�Ki ,80&�l�c��)&0s�H����� ��%=�p0+�5*',-M�)+�10u('��C1��7878�5C5(.�17-�1C5('%'��)&*



�\�
��)+02#Z��*=,-('%'��)+*UoU,-('Qu�6%A��)+M��p�����q���;:���%=��V+)+02�{C1�5)R(A%A��7 �6���6�1)R(AV+�PoUQ&,8C/Q2�O��%��6��*=(.���
(AQ&�K3%$�f'& �G%'V&)+)+,8)&M�oH��*�*'�!(�('� �����6���! qW
a Q+� 587 ��)+0 5�w ��%=�2(A%'��)+*=#Z��%L(A�50 ��%'��V&)+0 (AQ+�u0&V+��# ,-)�*'�5#<��%A�@(A�s�������678,-)+�1*5N��+V&(T��%=�
7��@(A�1%�%'�1V&)+,-('�10 ��*�*'Q+�\oU) ,8)z3m,-M�V+%=���~W��&W a Q+�l( o�����������*���%=�q%'�5C1���l�&,8)+�50 ,-)R(A�|�G*',-)+M�78�
�������P�REG('Q+�������6�1)R('V+�P%'�5C1���p�+,8)+,-)+Mq0+,-#Z��7-�1*5W a Q&�KC5���l�+,-)+�10|��������,-*c�O�~C5V+*'�50�(A��(AQ&�
�!�~#��1%=,8�6�1)R(/��7~(/��%=M��5(���)&0�,-*$#<��*'*=�10�(AQ+%=��V+M�Q��n(AQ+,-)�78����0l�O��,87�9O(AQ&� �L%A��0+,8��(A��% � FB(A��#+%'�S0+V+C5�
#+Q+��(A��)+*��RE{�+%=�1�6*'*L(A%A��Q+78V+)&M+W a Q+�n%'��0+,8��(A��%�,-*H�r*'Q+�5�5(�����78����0G��� : ���B�K%A��0+,���(',8��)�7-�1)+M�('Q
(AQ&,8C/g4W a Q+���!�~#��1C5('�10TQ<��0+%=��)+,-Cn�<��C/g M�%=��V+)+0|,8)�('Q+�n#+Q&��(A��)|������� ,8* ���\�Sw���#��1%�#+Q+��(A��)�W

����� ���	� ���	� ��� � ����� � � ����� ��	� 
��� � �$�

a Q+�z#+V+%=#Z��*'� ���K('Q+�s(/��M�M�,8)+M�*LES*=(A�5� ,8*�('� 0&�5(A�5%'�6,8)+�s('Q+�s�1)+�5%'M�E ���K('Q+�z,8)R(A�5%A��C!(A,8)&M
#+Q+��(A��) ��) � �5J��1)R(s�RE �5J��1)R(s�<��*',8*5W a Q+�:,8)+C5,80+�5)R(��578�5C5(A%=��)�#�#���*=,-(A%=��) �������5) ('V+� ,-*
�6����*=V+%'�50��RE�('Q+���578�1C!(A%=��){�������"(A��M�M�,-)+MK*=,87-,8C1��)�0+�!(A�5C5(A��%'*1W$��h(A�5%�(AQ&���17-�1C!(A%'��)�#�#���*',�(A%'��)
*=('%',-g��1*?(AQ+��%A��0&,���('��%�(A�.#+%'�S0+V+C5�H#+Q+��(A��)+*5N�('Q+�5Ep��%'���6�����5)R(AV+� ��)<��7-ESt5�10l,-)r('Q+�'����0+,8��(A�50

$78�5C5(A%=��) �SQ+�\oH�5%}v.�S0+��*=C1��#���9 � 
 �~vnFB��%?� ��*=,-(A%=��) �SQ+�\oH�5%}v.�S0+��*=C1��#���9;� $ �&vnFB0+�5('�1C!(A��%5W

$78�5C5(A%=��)+* #�#Z��*',-('%'��)&*p��%=�{,-0+�1)R(A,�I<�10:�RE ('Q+�{%'��(A,-�����c(AQ+�5,8%r�1)+�5%'M�E (A���������5) ('V+� 9 
 #�#<F
,8):(AQ+� � 
 �&v(#�� $ �~vPQ+�~0&��*'C5��#Z��W a �2(/��g���,8)R('�s��C1C5��V+)R(q�+%=�1�6*'*L(A%A��Q+78V+)&Mu%A��0&,���(',8��) ���
�lV+7�(A,-#+78�$#+Q&��(A��)&*m)+��(m��7-7S���+oUQ+,8C/Qp,8)R(A�5%A��C!(m,-)r('Q+�H���&#��1%=,8�6�1)R(/��7S(A��%'M��!(�N@oH��V+*'�H('Q+���H�����
���������q����)+,-('��%r9;���r�uFcC���78��%=,8�6�5(A�5%H(A���6����*=V+%'�x('Q+�Kt5�1%=��0+�5M�%'�5�K�5)+�1%=M�E�W a Q+�r�1)+�5%'M�E
���?(AQ+��,-) ('�1%'��C5(',8)+M�#+Q+��(A��)�N&,8*�M�,�J��1)T�RE

��������������������� �!� 9;�~W-�\F
oUQ+�5%'� ��� ,-*p(AQ+�G�5)+�1%=M�E�����('Q+�G,8)R('�1%A��C5(A,-)+Mu#+Q&��(A��)yN ��� ,8*K(AQ+�G�5)+�1%=M�E����U('Q+�G,8)+C5,80+�5)R(
�17-�1C!(A%'��)�#�#���*',�(A%'��)�N ��� ,-*�(AQ+���1)&�1%'M�E����&('Q+���578�5C5(A%=��)�#�#���*=,-(A%=��)r���h(A�5%�,-(�*=('%',-g��1*�(AQ&��%'��0+,��@(A��%
��)+0 �"� �!� ,8*�('Q+���5)+�1%=M�E�����)+��)~dj,8)R(A�5%A��C!(A,-)+Mp#+Q&��(A��)&*H,8)�(AQ+�����K� W~ �+%',-�5��0+�5*'C1%=,8#&(',8��)����
(AQ&�r0&�5(A�5C5('��%'*�V+*'�50�('�6�6����*'V+%=��('Q+,8* � V<��) (',-(',8�1*�,-*�M�,-J��1)T�Z�578�\o�W

#�$&%�$(' )	*,+.-0/214365879+.:<; /=:?>6>6@A5B>DCFE�CG/2+H;

a Q+���17-�1C5('%'��)K�Z�1����(/��M�M�,8)&Mr94��% �L(A��M�M�,-)+M"� F�*=ES*=('�1� C1��)&*',8*L(A* ���&I+J���#&7���)+�5* ���+*',-78,-C1��)x*L(A%',-#
0+�!(A�1C!(A��%=*1N<( o���0+�!(A�5C5(A��%�V&#+*=('%'�����P���?(AQ+�x�6���6�1)R(AV+� %'�5C1���l�&,8)<��(',8��)G0&,8#���78�5*1N&��)+�x#Z��*',�d
(A,-��)+�502,8)2��MR��#u�Z�!( oH�5�1)u('Q+�K( o��GV+#+*L(A%'�1��� 0+,8#���7-�1*.��)+0�( o��G0+�\oU)+*L(A%'�1��� (AQ+�K0+,8#���78�5*1W

���C/Qk0&�5(A�5C5('��%�Q<��*p�����G*=('%',8#&*r���'�����JIy� (AQ+,-C/g )+�1*=*1W a Q&�{��C!(A,�J��6��%'�1�T���H�1��C/Qk#+78��)+�q,-*
�~W �{C1� oU,80+�l�REs�~W��{C5� Q&,8M�Q�W a Q+�l(A��M�M�,-)+M{*LES*=(A�5� ��)+7�E��6����*'V+%=�1*n(AQ&�q#Z��*=,-(',8��)�,8)u(AQ&�
���1)+029 Q+��%',8t5��)R(/��7�F?JS,8�!o�W a Q+�U�������5) ('V+��%=�1*=��78V&(',8��)�����(AQ&�U(A��M�M�,-)+Mn*LE~*L(A�5� ,-*�������V&(��;:
9LK4M � �=N �R� �"O F!W$ 0+�5(A��,87-�10G0+�5*'C5%',8#~(A,8��)TC1��)T�Z�x�O��V+)&0�,-)��U�5�O�5%'�5)+C1�p���&W
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3m,8M�V+%'�2�~W�� �+ *=C/Q+�1����(',8C|J~,-�5o ����(AQ+���{���=��%��578�1�6�1)R('*{���n('Q+��i ,-0+�u�H��)+0
#+Q+��('��)T�Z�1����7-,8)+��W a Q+�r,8)&*'�5(U*=Q+�\oU*.('Q+�x(/��M�M�,8)+Ml*LES*=(A�5� ��� ('Q+���17-�1C5('%'��)&*1W
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3m,8M�V+%'���~W � ���~C/Q+�5�{��(',8C6J~,-�5o ����('Q+�)� 
 �~vKN}� $ �&vrN$��)+0��c�K� C1��78��%=,8�6�5('%=E
*=ES*=('�1�TW 
$78�5C5(A%=��)+* #�� ��*=,-('%'��)+*2��%'�:0+���+�1C5('�10 ,8)R('� (AQ&��� 
 �~vb��)+0�� $ �&vrW
� 
 �&v.����)+0|� $ �&v�����%=�n(AQ+�xC5��V+)R(A�5%'*�C17-��*'�5*=(�('�l(AQ+�x�������TW�>.��)+,8)R(A�5%A��C!(A,-)+M
#+Q+��('��)+*U,8�6#<��C!(c(AQ&�K�c�K�:W

#�$&%�$!# � )���� :<5��
	����� - :<*A3�1 @(; + /2+.14C

a Q+�6�17-�1C5('%'��) #�#Z��*',-('%'��)z,-*r*LoH�5#&(q��oH��E oU,�(AQ 0+,8#���7-�l�{��M�)+�5('*r���h(A�5%r,�(r*=(A%=,8g��1*�(AQ+�6%A��0&,��@d
(A��%1W a Q+��C���78��%=,8�6�5(A�5%'*�Q<��J������lC1��V+)R(A�1%=*U����C/Q�N<78�����178�50|�@d/�\�~W a Q+��C1��V+)R(A�1%=* � 
 �&v.�6��)+0
� $ �&v��no��1%'�U0+�5*',-M�)+�10q('�r0&�5(A�5C5(��17-�1C!(A%'��)+* #�#���*=,-(A%=��)+*moUQ&,8C/Q�0+��)+��(�%'��0+,��@(A��W �H��('Q�C1��V+)Sd
(A�5%'* V+*'�c7-����0p��)+0��S, $ & C/Q+��*=�1)l�O��%?,-('*mQ+,-M�Qp0&�1M�%=�1�H���4%A��0+,8��(A,-��)�Q<��%=0+)+�1*=*1W � 
 �&vK�5dA���.��)+0� $ �&vK�5dA���6V&*'����7�(A�1%=)<��(',8)+M67���E��5%'*.����78�1��0u��)&0s78V+C5,-(A��W(� 
 �&v���)+0s� $ �&v ��%=�p*A����#+7-,8)+M
C���78��%=,8�6�5(A�5%'*�oU,-(AQs('Q+����%'%'��Es����C1��V&) ('�1%=*p��*x*=Q+�\oU):,-)z3m,8M�V+%'���SW �+Wl��Eu%=�1*'��7-JS,8)+M�oUQ&,8C/Q
C1��V+)R(A�1%U��� (AQ+� � 
 �&v ��%�� $ �~v ('Q+��%'�5C1��,-7�#<��%L(A,8C578�n*L(A%=,8g��5*1N+o��Kg )+�\o�('Q+���Z�5)+0���)+M�7-�n���
(AQ&�x�178�5C5('%'��)�#@#Z��*=,-('%'��)|��)&0�(AQ V+*U,-('*c�1)+�5%'M�E�W a Q+���1)+�5%'M�,-�1*c(AQ+��(�(AQ+�xC5��V+)R(A�5%'*U*A����#+7-�x��%=�
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